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[57] ABSTRACT

A canister adapted to store fuel vapor discharged from
a fuel tank has an inlet chamber that forms a trap for
liquid fuel. Fuel is purged from the canister through a
purge tube that has a small liquid purge hole at the
bottom of the chamber and a large vapor purge hole
spaced above the bottom of the chamber.

2 Claims, 14 Drawing Figures




U.S. Patent  Dec. 22, 1987 Sheet 1 of 3 4,714,485

/30 i .4
“ == [ /70
\ ST %

. RS WA RSN Pr— M. T B

o~

(
¢

N
&

Iz

v W (T

LR\

‘ m&i ‘.':5;':
24—
I

3
wARAVANVA. AANVAA VYA .
g7 N

if
P
i .o
-
r




4,714,485

. - -.-‘ | ] i - !
I ﬁ.:-“ - -
i
. L]
f‘ - ’. o . - b - " - » L 4 Fu r e » r * -
F - " n :“’J" ? | ' * .
- ; . i . v " . !
F - LI - ’ - ‘ | - ‘
' . . ‘.‘ \ - L9 L] -
I - r"- 1 . II '
‘ " r s ‘ , - - ¥ v ‘ - - - + -
| -‘L ‘i - % L]
‘J ‘. | ' ’ -
LA Pyt * - ¢ ’ : ‘ ‘
s . - * ‘ l
: r.‘n . \ r : L * o -
{’ f: + :l. - '- ' . L Lol L3 » L]
v, ' . .
-‘: t 1‘: . ' I i | * ' . " '
=“. 5 1". , |. r, g’ﬁ ‘: - s T * . L L] ]
. . .
i, :"1? .; . . . I = . - * . . .
Hl l't‘, & ] [ ] ' L] - H
. 3 A : . [ ] L L L™ L
r n o - l 'r * ' ' |
- * E“ “ o L - [ .‘ | | | - | '- l ' -
1 " " [T | - | | . ‘
1 ‘. H ‘ l"‘ - * | ; a
L I !.' .," h 4 L iﬂ | ‘ . q | ‘
‘. . .': I a ol » 4 ]
- -t i ' '. ‘. ' ‘
| ; h..i {‘ - - ] by . - * 1 L - o
\'.. r“- .‘I . ""-_' h - r . » -
} < i ] [ - F) -r
'h'.' ‘ W 2 - . i 1’5. + ‘ - -
'l L . " L] ‘H‘ . "'
-l L] F) - - L 1 ] * . " ‘ |
v ":' . | . * "‘ ]
. | . ‘ . - . * . "
r..‘ 5: ‘ . h‘l * q-.._ L |
.r \ - \‘1 . . -. . - - L) . ¥ . 1, L
: ) . ) - 4 3 " ’
iy - r i it | ‘ -
- .-h ‘ ‘ L - L - L]
| | 2 ) ' . - - & . .:‘
" i . . -
r ‘ . . ".l , } . '. L ] - ] I
w4 » " ™ * o - 1_'1-.' - = I; . " '
» 1 '.II '?-' - 4= J.'J. * - . . F
b ¥ vk * ' : : .
» 4 i F F 1 ™ o ! :E . . |
‘ﬂ 4 i‘ B t"" = - }‘ | .I. r l ! - .
J‘: . ’ ‘.-1 . - \ L] . - L ‘.u Fl - l
-. B 1 . N r - . rr—
. L : » _-h
l.‘, ' - ‘:’l . * ‘ | + -
: I:H & b ' - b LY . n h " i T : l
e . « " * bt F * - bl
¥ L] 1ha - LY ‘ * ‘ : J
I:“I ’ P " il | & . - LII s " + ‘l H : 1
PR L ] j [ ’ ‘ . ;I l
o " Fr - ; HI‘ r
iy o ) .y 4 a ™ ‘ , b
‘\'ﬁ. i '.‘ o [ ] & - r : - ] i ] I " r | F I
- ah 4
- "‘- ol - ":l a ! r—- | J-i 1 I
- i . ‘ ' '
‘ . ‘- ' L ] ‘
| P ’ ‘ : ' '
T ' ; ‘ -
1 1 . . | ' i S - ’ ] |
| E: ‘ li- " ‘ J - i ot
| -l-l—!—‘— * m
||r! . N ' L 1 . | *
..".|4. b} l‘i ‘- Lﬂ- l.
L —rYelpll - . .'.‘ I ) - . -r ' ‘. - '
"hrrrie f l‘l * hd i lj.—- .
H" ‘ _ Ll L )
t o ! % z—gi
P ’ ‘ =
ﬂl [ ] ¥ ! ' | -L—'
' - - ‘ . —H- | ”'
}} ] 4 N . . i | IT
3 . bk | '.
"‘k" L ] y f _ I
1 i ) | I
| 1 lr‘t it | l ‘1 | ‘
. 11 - ™ - ] T ‘. II ‘ | 1 ﬂ
i -_-—-n-—""l""""""' . - [N - F . i
TR et ’}J | =. . . I:.‘H
o . * _f | = T | '
I pn ' - ‘_ |
l. L ] * L 1 -'+E ‘ . '
1-” - - L] d
(A a o | .
.I L Li .
i .‘. h - L f ] - |
'.'I!.. ' " .
(3 = b | I
1 ‘-‘ (™Y ' N ‘ ’ . r
Y . " | |
I.‘ r\‘ - ] I L) N e
;. |.- l . .
|.:'_.- . ' l ’ ' -
l:"'| ’ I"‘ ‘ .
het M e . ' l‘ "
I .‘ ‘ ] o I
| o4 -
i
LRl -
*
Vg,
L -
1 — !h'
Irl t- Wy, - 1 -
‘ | . &>




US. Patent  Dec. 22, 1987 Sheet 3 of 3 4,714,485

.
/,

N
S

L5

e, - . -_
SRR 4
] ]
‘ - I.. -
L] .1.
. * 1 .
L] = 1
- . -
- LA
[ ‘ L] L] []
' ] | .
g . ] . " s " . ) Fm . i
" .Il|lIII r » N a L]
"a F Lt . LI a [] . » u b
lIllll L] - N 1 1 -
-
._.". :.‘ e 1 -,
. L
" » . ] L - ’ Lo

A

7

N\ o8

'lu
%




4,714,485

1
FUEL VAPOR STORAGE CANISTER

RELATED APPLICATION

This is a continuation-in-part of patent application
serial number 851,548 filed Apr. 14, 1986, now aban-
doned.

TECHNICAL FIELD

This invention relates to control of fuel vapor re-
leased from a fuel tank.

SUMMARY OF THE INVENTION

During day to day operation of an automotive vehi-
cle, the temperature of the vehicle fuel tank rises and
falls. As the fuel tank temperature rises, some of the fuel
vapor in the space above the liquid level is displaced out
of the tank. To avoid releasing the fuel vapor to the
atmosphere, the existing system vents the vapor to a
canister having a bed that adsorbs and stores the fuel
vapor.

This invention provides a canister having an inlet
chamber that forms a trap for liquid fuel and that has a
purge tube with a small liquid purge hole at the bottom
of the chamber and a large vapor purge hole spaced
above the bottom of the chamber. This canister protects
its vapor storage bed against absorption of liquid fuel
and thereby preserves the bed for adsorption of fuel
Vapor.

The details as well as other features and advantages
of several embodiments of this invention are set forth in
the remainder of the specification and are shown in the
drawings.

SUMMARY OF THE DRAWINGS

FIG. 1 1s a schematic view of a fuel vapor storage
canister employing this invention.

FIG. 2 18 a schematic view of a second fuel vapor
storage canister employing this invention.

F1G. 3 is a plan view of a third fuel vapor storage
canister employing this invention.

F1G. 4 is a sectional elevational view of the third
canister, taken along line 4—4 of FIG. 3.

FIG. 5 is an enlarged fragmentary sectional view of
the air vent for the third canister, taken along line 5—5
of FIG. 3.

FIG. 6 is an enlarged elevational view of the lower
portion of the fuel vapor inlet tube employed in the
third canister.

FIG. 7 is an enlarged sectional elevational view of the
lower portion of the fuel vapor inlet and purge tubes
removed from the third canister.

FIG. 8 1s an enlarged transverse sectional view of the

fuel vapor inlet and purge tubes, taken along the line
8--8 of FIG. 7.

FIG. 9 is an enlarged elevational view of the lower
portion of the purge tube.

F1G. 10 is an enlarged bottom view of the purge tube.

FIG. 11 is an enlarged transverse sectional view of
the purge tube, taken along line 11—11 of FIG. 7.

FIG. 12 is a sectional elevational view of the bottom
portion of a modification of the third canister.

FIG. 13 1s an end elevational view of another fuel
vapor storage canister employing this invention.

FI1G. 14 is an enlarged sectional view of the FIG. 13
canister, taken along line 14—14 of FIG. 13.
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2
THE PREFERRED EMBODIMENTS

Referring first to FIG. 1, a fuel vapor storage canister
10 has a bed 12 of activated carbon adapted to adsorb
fuel vapor. Bed 12 is supported between upper and
lower foam screens 14 and 16 within a housing 18
closed by a top 20 and a bottom 22.

A fuel vapor inlet tube 24 and a purge tube 26 are
supported by top 20, extend through bed 12, and open
to an inlet chamber 28 below bed 12. The upper region
of canister 10 is open to the atmosphere through an air
vent 30. Inlet tube 24 receives a mixture of fuel vapor
and air discharged from a fuel tank (not shown). As the
mixture passes into chamber 28 and rises through bed
12, the activated carbon in bed 12 adsorbs the fuel vapor
and the air flows out through canister vent 30.

Chamber 28 serves as a trap to capture any liquid fuel
that may be present in the mixture of fuel vapor and air
received through inlet tube 24. By capturing the liquid
fuel before it reaches bed 12, bed 12 is protected against
absorption of liquid fuel, and the activated carbon is
thereby preserved for adsorption of fuel vapor.

Fuel 1s purged from canister 10 by applying vacuum
to purge tube 26. Purge tube 26 has a small liquid purge
hole 32 at the lower end and a large vapor purge hole 34
near the top of chamber 28. The vacuum applied
through vapor purge hole 34 draws air in through canis-
ter vent 30, down through bed 12, and into chamber 28.
The air flow through bed 12 desorbs the fuel vapor, and
the resulting mixture of air and fuel vapor is drawn out
through purge tube 26. The vacuum applied through
liquid purge hole 32 gradually purges the liquid fuel
from chamber 28, and the liquid fuel is drawn out
through purge tube 26 along with the mixture of air and
fuel vapor.

Referring next to FIG. 2, a fuel vapor storage canister
110 has a bed 112 of activated carbon adapted to adsorb
fuel vapor. Bed 112 is supported between upper and
lower foam screens 114 and 116 within a housing 118
closed by a top 120 and a bottom 122.

A fuel vapor inlet tube 124 and a purge tube 126 are
supported by top 120, extend through bed 112, and open
to an inlet chamber 128 below bed 112. The upper re-
gion of canister 110 is open to the atmosphere through
an air vent 130. Inlet tube 124 receives a mixture of fuel
vapor and air vented from a fuel tank (not shown). As
the mixture passes into chamber 128 and rises through
bed 112, the activated carbon in bed 112 adsorbs the fuel
vapor and the air flows out through canister vent 130.

Chamber 128 serves as a trap to capture any liquid
fuel that may be present in the mixture of fuel vapor and
air received through inlet tube 124. By capturing the
liquid fuel before it reaches bed 112, bed 112 is pro-
tected against absorption of liquid fuel, and the acti-
vated carbon is preserved for adsorption of fuel vapor.

Fuel is purged from canister 110 by opening a sole-
noid operated valve 131 to apply vacuum to purge tube
126. Purge tube 126 has a small liquid purge hole 132 at
the lower end and a large vapor purge hole 134 near the
top of chamber 128. The vacuum applied through vapor
purge hole 134 draws air in through canister vent 130,
down through bed 112, and into chamber 128. The air
flow through bed 112 desorbs the fuel vapor, and the
resulting mixture of air and fuel vapor is drawn out
through purge tube 126. The vacuum applied through
liquid purge hole 132 gradually purges the liquid fuel
from chamber 128, and the liquid fuel is drawn out
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through purge tube 126 along with the mixture of air
and fuel vapor.

Referring now to FIGS. 3-11, a fuel vapor storage
canister 210 has a bed 212 of activated carbon adapted
to adsorb fuel vapor. Bed 212 is supported between
upper and lower foam screens 214 and 216 within a
housing 218 closed by a top 220 and a bottom 222.

A fuel vapor inlet tube 224 and a purge tube 226 are
supported by top 220, extend through bed 212, and open
to an inlet chamber 228 below bed 212. The upper re-
gion of canister 210 is open to the atmosphere through
an air vent 230. Inlet tube 224 extends from an inlet
fitting 233 that receives a mixture of fuel vapor and air
discharged from a fuel tank (not shown). Four windows
235 open from inlet tube 224 to chamber 228; each
window is covered by a screen 237 formed of monofila-
ment mesh. As the mixture passes through inlet tube 224
and windows 235 into chamber 228 and rises through
bed 212, the activated carbon in bed 212 adsorbs the fuel
vapor and the air flows out through canister vent 230.

Chamber 228 serves as a trap to capture any liquid
fuel that may be present in the mixture of fuel vapor and
air received through inlet tube 224. By capturing the
liquid fuel before it reaches bed 212, bed 212 is pro-
tected against adsorption of liquid fuel, and the acti-
vated carbon 1s thereby preserved for adsorption of fuel
vapor.

Purge tube 226 extends from a purge fitting 238 and is
-+ disposed within inlet tube 224. Purge tube 226 includes

~a tip 239 having a flange 241 that engages ribs 243
formed on inlet tube 224 between windows 235; the
engagement of flange 241 with ribs 243 provides lateral
support for purge tube tip 239.

Fuel is purged from canister 210 by applying vacuum
to purge fitting 238 and purge tube 226. Purge tube tip
239 has a small liquid purge hole 245 about 0.44 mm in
diameter at the lower end and a large vapor purge hole
247 about 2.79 mm in diameter near the top of chamber
228. The vacuum applied through vapor purge hole 247
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draws air through canister vent 230, down through bed 40

212, and into chamber 228. The air flow through bed
212 desorbs the fuel vapor, and the resulting mixture of
air and fuel vapor is drawn out through purge tube 226.
The vacuum applied through liquid purge hole 245

gradually purges the liquid fuel from chamber 228, and 45

the liquid fuel is drawn out through purge tube 226
along with the mixture of air and fuel vapor.

The engagement of flange 241 with ribs 243 and
screen 237 inhibits liquid fuel adjacent the bottom of
purge tube 226 from being drawn within inlet tube 224
to vapor purge hole 247.

The lower end of inlet tube 224 is supported laterally
by a plurality of ribs 249 formed on bottom 222 and
extending into chamber 228. Ribs 249 also provide sup-
port for lower screen 216.

The upper end of housing 218 has a grid 251 spacing
upper screen 214 from cover 220 and providing an air
chamber between vent 230 and grid 251.

Referring now to FIG. 12, a fuel vapor storage canis-
ter 210° 1s similar in most respects to canister 210 and
includes a bed 212 of activated carbon adapted to ad-
sorb fuel vapor. Bed 212 is supported upon a lower
foam screen 216" within a housing 218’ closed by a
bottom 222°.

Fuel vapor inlet tube 224 and purge tube 226 extend
through bed 212 and open to inlet chamber 228 below
bed 212. Inlet tube 224 receives a mixture of fuel vapor
and air and has four windows 235 opening from inlet
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tube 224 to chamber 228; each window is covered by a
screen 237 formed of monofilament mesh. As the mix-
ture passes through inlet tube 224 and windows 235 into
chamber 228 and rises through bed 212, the activated
carbon in bed 212 adsorbs the fuel vapor.

Chamber 228 serves as a trap to capture any liquid
fuel that may be present in the mixture of fuel vapor and
air received through inlet tube 224. By capturing the
liquid fuel before it reaches bed 212, bed 212 is pro-
tected against absorption of liquid fuel, and the acti-
vated carbon 1s preserved for adsorption of fuel vapor.

Purge tube 226 is disposed within inlet tube 224.
Purge tube 226 includes a tip 239 having a flange 241
that engages ribs 243 formed on inlet tube 224 between
windows 233.

Fuel is purged from canister 210 by applying vacuum
to purge tube 226. Purge tube tip 239 has a small liquid
purge hole 245’ about 0.5 mm in diameter at the lower
end and a large vapor purge hole 247 about 2.79 mm in
diameter near the top of chamber 228. The vacuum
applied through vapor purge hole 247 draws air down
through bed 212 and into chamber 228. The air flow
through bed 212 desorbs the fuel vapor, and the result-
ing mixture of air and fuel vapor is drawn out through
purge tube 226. The vacuum applied through liquid
purge hole 245" gradually purges the liquid fuel from
chamber 228, and the liquid fuel 1s drawn out through
purge tube 226 along with the mixture of air and fuel
vapor.

The lower end of inlet tube 224 is supported laterally
by an intermediate grid 248 disposed above ribs 249
formed on bottom 222°. Grid 248 also provides support
for lower screen 216’.

Referring to FIGS. 13-14, a fuel vapor storage canis-
ter 310 with a horizontal axis has a bed 312 of activated
carbon adapted to adsorb fuel vapor. Bed 312 is sup-
ported between foam screens 314 and 316 within a hous-
ing 318.

At the left end of canister 310, as viewed in FIG. 14,
housing 318 is closed by a partition 319 and a cover 320.
A fuel vapor inlet tube 324 and a purge tube 326 are
formed as part of cover 320 and open into an inlet cham-
ber 328 between cover 320 and partition 319. Chamber
328 opens to bed 312 through an aperture 329 in parti-
tion 319, aperture 329 being spaced substantially above
the bottom of chamber 328.

The region 330 at the right end of canister 310 i1s open
to the atmosphere through the vent tube 331 of a cover
331a.

Inlet tube 324 receives a mixture of fuel vapor and air
discharged from a fuel tank (not shown). As the mixture
flows through chamber 328, aperture 329 and bed 312,
the activated carbon in bed 312 adsorbs the fuel vapor
and the air flows out through the region 330 advent tube
331. |

Chamber 328 serves as a trap to capture any liquid
fuel that may be present in the mixture of fuel vapor and
air received through inlet tube 324. By capturing the
liquid fuel before it reaches bed 312, bed 312 is pro-
tected against absorption of liquid fuel, and the acti-
vated carbon is preserved for adsorption of fuel vapor.

Fuel is purged from canister 310 by applying vacuum
to purge tube 326. Purge tube 326 has a small liquid
purge hole 332 about 0.020 in (0.5 mm) in diameter at
the lower end and a large vapor purge hole 334 about
0.110 in (2.79 mm) in diameter near the top. The vac-
uum applied through vapor purge hole 334 draws air in
through the vent tube 331 and region 330, through bed




S
312, and into chamber 328. The air flow through bed
312 desorbs the fuel vapor, and the resulting mixture of
air and fuel vapor is drawn out through purge tube 326.
The vacuum applied through liquid purge hole 332
gradually purges the liquid fuel from chamber 328, and
the liquid fuel is drawn out through purge tube 326
along with the mixture of air and fuel vapor.

Canister 310 also employs the invention set forth in
U.S. patent application Ser. No. 851,847 filed Apr. 14,
1986 in the names of J. Fornuto, W. E. Gifford and K.
M. Meyer, now abandoned, and patent application Ser.
No. 918,887 filed Oct. 10, 1986 in the names of J. For-
nuto, W. E. Gifford and K. M. meyer.

Canisters 210 and 210’ also employ the invention set
forth in patent application Ser. No. 080,502 filed July
31, 1987 in the names of F. J. Rediker and R. G. Van
Vechten. |

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. A fuel vapor storage canister comprising a housing
having an inlet chamber, a region vented to the atmo-
sphere, and a bed of material adapted to adsorb fuel
vapor disposed between said chamber and said region, a
fuel vapor inlet tube opening to said chamber whereby
fuel vapor may be introduced to said canister and flow
from said chamber into said bed and said bed may ad-

-~ =sorb said fuel vapor, and a purge tube opening to said

- Chamber whereby vacuum applied to said purge tube
may cause air to flow from said region through said bed
to said chamber and whereby said air flow may desorb
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fuel vapor from said bed, and wherein said purge tube
has a liquid purge hole disposed near the bottom of said
chamber and a vapor purge hole spaced substantially
above the bottom of said chamber, whereby said cham-
ber serves as a trap for liquid fuel introduced through
said inlet tube, and whereby said liquid fuel is purged
from said chamber along with said air flow and de-
sorbed fuel vapor.

2. A fuel vapor storage canister comprising a housing
having an inlet chamber, a region vented to the atmo-
sphere, and a bed of material adapted to adsorb fuel
vapor disposed between said chamber and said region,
said inlet chamber and bed and region being aligned
along a vertical axis with said inlet chamber at the bot-
tom, a fuel vapor inlet tube opening to said chamber
whereby fuel vapor may be introduced to said canister
and flow from said chamber into said bed and said bed
may adsorb said fuel vapor, and a purge tube disposed
concentrically within said inlet tube and opening to said
chamber whereby vacuum applied to said purge tube
may cause air to flow from said region through said bed
to said chamber and whereby said air flow may desorb
fuel vapor from said bed, and wherein said purge tube
has a liquid purge hole disposed near the bottom of said
chamber and a vapor purge hole spaced substantially
above the bottom of said chamber, whereby said cham-
ber serves as a trap for liquid fuel introduced through
said inlet tube, and whereby said liquid fuel is purged
from said chamber along with said air flow and de-

sorbed fuel vapor.
| . A I
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